An efficient regioselective deoxygenation of arylalkyl--diketones by the couple trimethylsilylchloride/sodium iodide has been reported. In all cases, the deoxygenation takes place on the carbonyl group (C=O) proximal to the aromatic ring in methylene chloride at room temperature in good yields, furnishing a series of variously functionalized alkylbenzylketones. A large range of functional groups were well tolerated on the ortho-, meta-and para-positions by this mild process regardless of their electronic effects, demonstrating the general character of the present methodology. The trimethylsilylchloride/sodium iodide reducing process was also successfully applied to reduce -ketoacid and-ketoester substrates.
Introduction
The combination of chlorotrimethylsilane (TMSCl) with sodium iodide (NaI) has been used as a versatile reagent association in a variety of chemical transformations as the cleavage of ethers, esters, lactones, carbamates, and for the conversion of alcohols into iodide derivatives. [1] Moreover, the usefulness of the TMSCl/NaI combination was shown acting as a reducing reagent for example, in the deoxygenation of sulfoxides to sulfides. [2] Very recently, we demonstrated for the first time that this combination was very efficient to regioselectively reduced a large variety of unsymmetrical 1,2-diaryldiketones 1 (benzils) to provide, at room temperature in CH2Cl2, a series of -deoxybenzoins 2 (-DOBs) with good to excellent yields (Scheme 1). [3] In this work, we have demonstrated that the reducing species in CH2Cl2 was unequivocally the equimolar combination of TMSCl with NaI rather than TMSI (which was not generated in situ [4] in CH2Cl2) or HI (possibly generated between the couple TMSCl/NaI and traces of water present in CH2Cl2). We have also showed that a total α-regioselectivity was observed for a variety of non-symmetrical benzils 1 having necessarily electron-donating groups (e.g., OMe, OH, SMe, NH2, etc) on the ortho-and/or on para-positions. Here we extend these studies to the deoxygenation of various arylalkyl--diketones 3 by the couple TMSCl/NaI in view of preparing rapidly a small library of alkylbenzylketones 4 of biological interest, [5] or as useful intermediates for chemical transformations. [6] To our knowledge, the deoxygenation of arylalkyl--diketones was only studied with 1-phenylpropane-1,2-dione (3a). [7] Stephenson [7a] reported the deoxygenation of 3a through a two-steps sequence using trimethylphosphite (yield not given) followed by a quantitative hydrogenation using H2 and PtO2. Several years later, Kamochi, [7b] reported the deoxygenation of 3a using an excess of SmI2 (8 equiv) which provided only 7% of 4a. From a synthetic point of view, the development of a general and simple method for the regioselective deoxygenation of arylalkyl--diketones 3 into alkylbenzylketones 4 is still desired. Herein we disclose our success on the development of such a selective and easy to handle mild protocol using the TMSCl/NaI combination in methylene chloride. We found that the total regioselective reduction of substituted arylalkyl--diketones of type 3 occurred selectively regardless the electronic nature of the Scheme 1. TMSCl/NaI promoted the deoxygenation of -diketones. substituent on the aromatic ring (electron-withdrawing or electron-donating).
Results and Discussion
At the beginning of the present work, we first studied the deoxygenation of 1-phenylpropanedione 3a as a model substrate in the presence of TMSCl (5 equiv) and NaI (5 equiv) in CH2Cl2 at rt (Table 1 , entry 1). We were pleased to observe that after 24 hours of reaction, the -carbonyl function (C=O) of 3a, closed to the aromatic ring, was totally reduced to furnish 1-phenylpropan-2-one 4a with a good yield of 80%, and with no trace of its -regioisomer propiophenone. This result was particularly interesting and could be advantageously compared with those obtained with the deoxygenation of benzil derivatives developed in our group: [3] (i) the replacement of a phenyl group by a methyl substituent facilitates the reducing process as 3a was reduced in only 24 h at rt in CH2Cl2, whereas the deoxygenation of PhCOCOPh was incomplete after 72 h of stirring in CH2Cl2 at rt; [8] (ii) on the contrary to benzil derivatives, the reducing process occurred regioselectively on the C of 3a but without the need of an electron-donating group on the ortho-or on the para-position of the aromatic ring. This result was confirmed with 1-phenyloctane-1,2-dione 3b, which was also regioselectively reduced into 1-phenyloctan-2-one 4b in the presence of the TMSCl/NaI combination (90%, entry 2). These two results prompted us to evaluate this reducing process with electron-poor arylalkyl--diketones 3c-n (entries [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and with electron rich arylalkyl--diketones 3o-z (entries 15-26), easily available from the PdI2/DMSO oxidation of the corresponding arylalkylalkynes. [9, 10] We were very delighted to observe that the deoxygenation process occurred well with -diketone 3c having a p-NO2 substituent on the aromatic ring to yield benzylhexylketone 4c (65%, entry 3). The general character of this regioselective deoxygenation was confirmed with a series of other substrates 3d-n having electron-withdrawing substituents on their aromatic rings (entries [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The reactions proceeded in good yields with substrates having a p-CF3 substituent (3d, 79%, entry 4) as well as a p-CO2Me (3e, 68%, entry 5) a p-CN group (3f, 70%, entry 6) and a p-COMe substituent (3g, 70%, entry 7). One can note that using substrate 3h having a p-CHO function, the deoxygenation process did not take place; only 4-(1-hydroxy-2-oxooctyl) benzaldehyde 5 was isolated in a 59% yield after 6 h of stirring. [11] Halide substituents, possibly useful for further coupling reactions, were well tolerated under these mild conditions affording the corresponding ketones 4i-n with good yields (entries [9] [10] [11] [12] [13] [14] . Different electron-donating groups on the aromatic ring of -diketones 3o-w were next evaluated (entries 15-23). As expected a OMe-substituent on the aromatic scaffold was well tolerated in this reducing process as observed in examples depicted in entries 15-18 and the corresponding alkylbenzylketones 4o-r were regioselectively isolated in good to excellent yields. In the case of 3r, beside the total reduction of the carbonyl function close to the aromatic ring, we also observed the ether cleavage on the more fragile paraMeO-substituent of the trimethoxyphenyl ring as it was noticed, for example, with the action of Grignard reagents on trimethylpyrrogallol ether derivatives. [12] Without surprise, -diketones 3s-x bearing various electron-rich aromatic backbone (4-OHC6H4, 4-MeC6H4, 4-SMeC6H4, 4-NHAcC6H4 and 2-naphthyl) were successfully transformed into their expected benzylketones with good to excellent yields (entries 19-24). The reaction was achieved in refluxing CHCl3.
d
A partial reduction occurred on C of 3h to give 4-(1-hydroxy-2-oxooctyl)benzaldehyde 5 in a yield of 59%, see ref. [11] To our delight, variations on the alkyl chain of compounds 3 were also allowed and primary alcohol 3y and its methyl ether 3z were converted into their corresponding reduced products 4y and 4z in 80% and 78% yields, respectively (entries 25 and 26). Next, we focused our attention on -diketone 3za bearing an alkyl chain and a quinoline-scaffold and showed that the replacement of a phenyl ring by a 6-quinolyl substituent was also possible as ketone 4za was obtained in an acceptable 65% yield (entry 27). Lastly, the sugar derivative 3zb, prepared from the Pdcoupling reaction between -thioglucose and 3l, [13] was subjected to the reducing TMSCl/NaI process. We were pleased to observe that the regioselective reduction of the C=O of 3zb occurred smoothly to provide 4zb (52% yield) without anomeric epimerization (entry 28).
The results reported in Table 1 clearly demonstrate that the TMSCl/NaI protocol could be applied on a large variety of alkylaryl--diketones 3 bearing on their aromatic rings various substituents whatever their electronic character on the ortho-, meta-, and parapositions. Then, to evaluate whether the presence of an aryl substituent was essential in the deoxygenation of arylalkyl-1,2-diketones 3, we have also studied the reaction with octan-1,2-dione as a model of dialkyl-1,2-diketone. After 30 minutes of stirring at rt in the presence of 10 equiv of TMSCl/NaI, octan-1,2-dione was rapidly totally degraded to give a mixture of unidentified by-products. Achieving the reaction at lower temperatures (0 °C and -20 °C) with reduced reaction times (10 and 20 minutes) did not give better results. Next, we were interested to evaluate the TMSCl/NaI association as a potent reducing reagent using other actived groups, such as for example -ketoesters 6a-d, -ketoacids 7a,b and -hydrazidoester 8 ( Table 2) . Table 2 . Deoxygenation of 6-8 by the TMSCl/NaI combination Under the standard conditions defined in Table 1 , the total reduction the keto-group of 6a and 6b proceeded smoothly to give the corresponding benzylesters 9a and 9b in a nearly quantitative yield after 2 h of reaction with a total -selectivity. The TMSCl/NaI process was next used in view of reducing the carbonyl function of -ketoesters 6c and 6d. After 2 h of reaction, the desired benzylesters 9c and 9d were obtained again with excellent yields (95%). For comparisons, the deoxygenation of 6d into 9d was recently reported, [14] but required a three-step sequence in a 20% overall yield [(i) reduction of the ketogroup of 6d into alcohol using NaBH4 (ii) acetylation of the alcohol function, and (iii) reduction of the resulting acetate by SmI2]. As observed with -ketoester 6, we were pleased to observe the carbonyl deoxygenation -ketoacids 7a,b by the TMSCl/NaI association to provide 2-phenylacetic acids 10a,b in similar good yields of 91% and 90%, respectively. A last trial was successfully attempted with arylalkyl-1,2-hydrazido-ester 8 which was chemoselectively reduced after 6 h of reaction by the TMSCl/NaI combination in refluxing CH2Cl2 to provide benzylester 9a in an acceptable 55% yield. The comparison of the results obtained with derivatives 6a and 8 indicated that the deoxygenation by TMSCl/NaI of the keto-group of 6a seems to be easier than the deoxygenation of the hydrazide-function of 8 to provide the same benzylester derivative 9a (98%, 2 h for 6a vs 55%, 6 h reflux for 8). All of the results presented in Table 2 indicated that TMSCl/NaI is a combination of choice for the mild deoxygenation of -ketoesters and also for other functionalities, such as -ketoacids or -hydrazidoesters.
Conclusion
In summary, we demonstrated, for the first time, that TMSCl associated to NaI in CH2Cl2 is a useful combination to regioselectively reduce a variety of arylalkyl--diketones 3. The keto group of these -diketones, which is proximal to the aryl ring, was totally reduced into methylene to provide the corresponding alkylbenzylketones 4 in good to excellent yields. The present method can be used for the deoxygenation of a large variety of arylalkyl--diketones 3 bearing a wide range of functional groups on the aromatic ring with extreme ease at rt. On the contrary to the deoxygenation of benzil derivatives, which require the presence of an electron-donating substituent on the ortho-or para-positions of the aromatic ring, the deoxygenation of substituted arylalkyl-1,2-diketones 3 efficiently takes place regardless the electronic nature of the substituent (electron-withdrawing or electron-donating). Moreover, heterocyclic systems as a quinoline and sugar derivatives are also allowed making this elegant reducible method applicable to many compounds of type 3. This mild process was successfully applied to -ketoesters, -ketoacids and -hydrazidoesters, which were cleanly reduced with high yields. We believe that this soft and easy to handle methodology should find broad applications in synthetic organic chemistry, as well as in the combinatorial and pharmaceutical sciences.
Experimental Section

General experimental methods
All reactions were conducted under an argon atmosphere. Solvents: methylene chloride (CH2Cl2) for reaction, cyclohexane, ethyl acetate (EtOAc) for extraction and chromatography were technical grade. These compounds were all identified by the usual physical methods that are 1 H NMR, 13 C NMR, IR, HR-MS (ESI or APCI). 1 H NMR, 13 C NMR spectra were measured in CDCl3 with an Advance -300. 1 H chemical shift are reported in ppm from an internal standard TMS or of residual chloroform (7.26 ppm). The following abreviations are used: m (multiplet), s (singlet), d (doublet), t (triplet), dd (doublet of doublet), q (quartet). 13 C chemical shift are reported in ppm from central peak of deuteriochloroform (77.14). High-resolution mass spectra (HR-MS) were recorded on a MicroTOF spectrometer, using ESI or APCI with methanol as the carrier solvent. FT-IR spectra were measured on a Vector 22 spectrometer and are reported in wave numbers (cm -1 ). Analytical TLC was performed on precoated silica gel 60-F254 plates. Silica gel 60 was used for flash chromatography. Melting points were recorded on a B-450 apparatus and are uncorrected. Arylalkyl--diketones 3 were prepared according to literature. [9] Ketones 4a, [15] 4b, [16] 4p [17] and 4t [18] are known products and their spectroscopic data are in agreement with literature. 9a, [19] 9b, [20] 9c, [21] 10b [22] are known products and their spectroscopic data are in agreement with literature.
General procedure for deoxygenation of arylalkyl--diketones 3
Typical example: under argon, 109 mg (0.5 mmol) of diketone 3b and 750 mg (5 mmol) of NaI were mixed in 10 mL of CH2Cl2. The resulting mixture was stirred for 5 min. at rt and then 540 mg (5 mmol) of TMSCl were added to the solution. After disappearance of 3b (judged by TLC; 48 h), the dark mixture was washed with 10 mL of a saturated Na2S2O3 solution and extracted with CH2Cl2. After drying on Na2SO4 and concentration, the crude was purified by silica gel column chromatography to give benzylhexylketone 4b (92 mg, 90%). 1-Phenylpropan-2-one (4a) [15] Compound 4a was prepared according to the general procedure using 1-phenylpropane-1,2-dione 3a (100 mg, 0.6749 mmol). 
1-(4-(Trifluoromethyl)phenyl)octan-2-one (4d)
Compound 4d was prepared according to the general procedure using 1-(4-nitrophenyl)octane-1,2-dione 3d (100 mg, 0.35 mmol). 
1-(4-Bromophenyl)octan-2-one (4k)
Compound 4k was prepared according to the general procedure using 1-(4-bromophenyl)octane-1,2-dione 3i (100 mg, 0.336 mmol). The title compound was obtained after flash chromatography as brown liquid; yield 75% (71.5 mg); 1 Compound 4zb was prepared according to the general procedure using (2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-((4-(2-oxooctanoyl)phenyl)thio)tetrahydro-2H-pyran-3,4,5-triyl triacetate 3zb (100 mg, 0.1722 mmol). 
Ethyl-2-(4-methoxyphenyl)-2-(2-tosylhydrazono) acetate (8)
A solution of compound 6a (1 mmol) in EtOH (3 mL) was added to a stirred mixture of p-toluenesulfonyl hydrazide (1.1 mmol) in ethanol (3 mL) containing H2SO4 (0.015 mmol). The reaction was refluxed at 85 °C overnight then cooled to room temperature. The white precipitated solid was filtered, washed with cold MeOH and cold hexane, and then dried under reduced pressure to give crude. The pure compound was obtained after flash chromatography as colorless liquid. Yield 70% (263.5 mg). 
